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SUMMARY o A

e

"A spoiler-type lateral-control sys$em has been developed
for use on the Northrop P-61 airplane. The lateral-control _
system 1s.%to be used with large-span flgbs and consists of a -
thin, circular arc spoiler, linked with ghort-span plain ai- '
1eron located just outboard of the spoi er. This unconven- -
tional lateral controi ‘systel has been accepted with enthusi-
ash’ by %he pilots who ﬁave flown the airpfane They partic-
ulariy app;eciats ite” characteristibs at high ‘speed. _The o
combination of Tight” forcea, favorable ydwlhg Woment, and low
wing’ torsional‘moments, make it a very effective, easilv ap- = =
plied tont®#ol’ “"Ph& dontrol available af afnd through the stall
1s~also rsmarkably good, although this characteristic may be
attributed’ in part, to ah exceptionally good wing stalling
pattern rather ‘than” entirely t5 the use of the spoiler~§ype
aileron. “Tn the*landing cohfiguration, the lateral-confrol -
effectiveness incréases automatically with the extension of
wing® flaps so” that powerful control is avallable during the
approach.’ There is, however, a decrease 1in effectivenesas for
the first+8 percent of the wheel travel with a resultant tend-
ency for inexperienced pilotes to overcontrol slightly at low )
epeeds. The fact that the aileron’ caf be ‘fully used af the
stall, howvever, more than compensates for this loss of effec-
tiveness with flape down and greatly enhances the airplane s
landing performance. B

INTRODUCTION

The %trend toward the employment of ever~increasing wing
loadings. deslrable from the standpoeint of high-~speed per- -
formance, hes necessarily worked against the maintenance of '
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low airplane .1anding speeds: -In addition, lncreasing require- "
ments for lateral control have limited the spanwise extent of

the wing flap (which is, in many cases, cut up by large, well-

faired engine nacelles) so that the attainment of a landing

epeed, for a high-performance aircraft, of, say, 80 miles per

hour is no small accomplishment. In most cases the prodblem

18 "solved" by -fillingthe avalladble wing span with a flap of
convenlent chord and suffering the consequences as raegards

landing speed. This .quasi solution will not 4o in deslgns

where landing performance 1s deemed of great importance, and

i1t then becores necessary for the desligner to employ partial-

span flaps of improved quality: namely, multiple-slotted flap,
slotted glus eplit flap, Fowler flap, and so forth (see ref=—

erence 1 or 1In extreme cases to devise ways and means of

utillizing the wing span normally devoted to ailerons, Both

the above-mentioned possibilities have been the subjJect of .
conslderable wind-tunnel aend flight testing, the results of

which have indlcated that the letter treatment, while obvious-

ly. giving better results from the standpolnt of maximum 1ift, .
is fraught with many and varied difficulties as regards  lat- -
eral control « g drawback obviously not. applying to the firat
solution, e e . .

In the case of & recant Northrop deaign (figa. 1 and 2) .
landing. and approach. performanee were deemed of sufficient

importance to warrant;an aftempted solutien of the full-span-

flap prodblem, The eholce of the. lateral control arrangement

to be_uaed_was.largely a matter of picking the lesaar of a

number of.evils, 4dn view of.the limited- - succese of jnsballa-

tione and schemes tepted . up to that time.,. A -peview’cf the
poasslbilities, however, showed that, as.regards adequacy of
control,:and.- mechanical. simplicity. the spoller-type lateral

control deylige. had-the.advantgge over slot-lip ailerons,’

drooped . allerons, plain allerons in comblingtion with retract-
able.flaps, or-any of.the .other devices enjoying current fa-

vor,: Ag a matter of fact, the only guestion mark econcerning -

its succeesful application to an airplane was its very erratic
hinge.-moments - a fault .also appearing in some ¢f the other
pogsihle.systems. Accordingly, :the retractable :aileron was:

chosen as the most likely to sueceed. The .ways and means ussd ..
in obtaining satisfactory hinge moments and effectivenesu are -
glven herein, o
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SYMBOLS

Cp' scoop hinge-moment coefficient, H/qb'tr

b! 8ECOO0P span
5 width of scocp edge
r scoop radius

Csy rolling-moment cosfficlent

Cy balance alleron hinge-moment qoeff;ciént, H/qsg ;

H hinge moment of control surface _

8. ,aréa,aft_gf hiné§ line o ) i T

e .averigeHChbrd aft 6f.ﬁiné§.__ R o l;i

8q balgncé'aiiéroq_daﬁiegtioﬁ;_posit;ve:déwnﬁard ?n- —

84 scoop deflection, positive downward | T

w wheel angle , o . 1_ S o ) B )

b wving spad' . _:i B

c local_Wing_chord ;: ‘ —7};; -

P total tangentié} whééi force i*-rrn*"“__; P T~; =

I ' wheel Tadius L . - B

p%/éy fsééﬁ&%{stééé wihé:ti; heiiﬁ-éﬁglg "‘i:; i % -

p.. . rate of roll. .. o o 0

v ‘airplane fofﬁard velééit& - . ..l ' o T

k | cdnffol—surfacé effectiveﬁeéé;_(:§§>Tfor:cone£§n; sec- o

tlon 1lift coefficlent No8/ P

q :@ina@fc ﬁressuré, %"pva, : N i. _; :_; : 2; )

< : : T - e ;._;: L?. - :{: o

P mass density of air
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e =z
Bg ~ 3o,
a : ' P - F B —_— - . ' ——— -
OL = _..._.._.(.J.E.__ . e - L L. .

P 3(pv/av)

Subscripts

u upgoing surface
] downgolng surface -
" DESIGN CALCULATIONS
General.~ It soon became apparent that the solution of

the hinge-moment problem would be' perhaps the most difficult.
Regearches conducted by the National Advisory Committee for
Aeronautics (reference 2) finally had produced & stable
hinge-moment variation for & modified ecircular~arc spoiler,
but only through the use of various vanes, vents, and pas-
sagesg, some of them apparently quite critical, Even then,

the resultant pilot forces were inacceptadbly high, and no
satlsfactory method of trim control wae available. Prelimi-
nary tests in the Northrop wind tunnel, directed toward the
posslblility of obtaining stadble hinge .moments with a system

in which the center of rotation and the centeér of the arc

were nof coincident, showed no promise; pressure measurements
corroborated the speculatlion that theléxtending hinge moments,
existing near the flush neutral poslition were due to the neg-
ative pressures acting on -the exposed edge of the scoop.?
(These extending moment s, when combined in an unsymmetrical
mechanical system, produce unstable pilot forces.,) While
these extending moments were not directly proportional to the
upper-~surface of the scoop, neverthelegs their magnitude could
apparently be greatly decreased by a reduction of this arsa,
as shown in the tests of reference 3. It wase decided, accord-
ingly, to minimize the inherent—instability of the scoop by
the simple expedient of reducing its thickness as much as pos-
sible. Calculations, assuming the scoop hinge.moments to be

L ”l .

'The term "ecoon" will hersaftier be ubed to denote a
circular.-arc retractable alleron in preference to.the word
"spoiler," which connotes a device capable only of one-way
actlon and thus relatively ineffective on a wing already at
negative lift, . , i '
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proportional to the product of scoop radius and upper- €Effacb‘
area, showed that the contribution of a 1/4 inch-thick scoop
would be quilte negligible coppared to>the allowable hinge

moment . . .

It was thug possible tospro¥ide:lateral ednéral with
very little attendant .pilot effort, and:there. remaihed-only’
t6 build into the eystem a poaitive. centering tendency. sohe -
means of trim control, and some degree of pllet, "feel,

Since these propertiee are all, of ecourse, available in the
conventional lateral control, one sdlution of thé difficul~
ties: enumeratea wag to 1ink to the scoop system a complqte'm:
conventional aileron of small ‘span. This compfomise syateq,.
moreover,;: consleted of ‘compenent’s the charaoterisths of L s
which were sufficiently explored to allow of routine aerorn )
dynamic- calenlations, Its’ advantages wore than outweighed i
the ‘loss-of "wing' fiap attending the uge of a, small. convep-.,-z“
tianal aileron: There now é&xisted’ ‘2 reasonable certainty .
that a-90~percent.full-gspan flap, say, conld’ be. madp te.work -
with .2 relatively emall amount of development time., . - ce i F

[l ——
e ados M - .- -

In the* interests of a continuous wing glap gndxalso as .
a . concession to condervatigm, it was decided Eo lqcate the
conventianel "balance" aileron at the wing tip\; A prelimi—.
nary whesl-force analysis, negiecting ‘the ' Scqop ‘¢omtridbu-, .w -
tion, indicated that a plein-flap %iTeron oocupying the_outer'
wing vay,? having a chord of approximately 15 percent of the
wiAg chord and & meximum throw of i25°‘_wou1d anpply..forces
in the neighborhodd ofs 80 pound’s” whe'al force at. B parcent of .
maxlimum indicated level flight speed. (See reference 3,
The scoop located adjacent to the balance aileron and. atb.ap-
proximately 70 percent wing chord, to insure acceptable time-~
lag characteristice, was laid out, in accordence w;th the =
data of references B, 4y and 5 and the method of reference 6,
to give a pb/2¥ = 0.07 'in combination with yhe balance ai-
leron. Detailed calculations for the #{fial configuration are =
presented below to’ 1lluetrate the methods employed '

. eay b [ T .

Rolling moment ~ The effective section twist (ks) due to
the scoop projection above the wlngneurface ‘was obtatned by
comparing the rolling momente due to scoops (reference 2) with
those due to a conventional atléron (reference 7) .occupying
the same span on a geometrically similar wing. The experi-
mentally determined effectiveness of the conventional aileron

o

lLayout of the component parts of the lateral contro}l
system was already limited by detailsd structural design,
which 1t was not expedient to echange.
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was made the basis of the calculation. thUB using the équa~
tion : . ' : ot

Oy = 1/k ac;/aaa_(ksa)
Tt . . tart : :
and substituting the value of the effectiveness 3C;/38,
obtained for the plain-aileron’ gand the’ known value of k for
a 15—percént chord pléin flap (reference 4)
€y = <0,0016/0.38 (k8°) = -0.0042 (k8°), wheredy the rolling

momenq ia related %o bha aection twist for the given plan
form, The sgoop rolling momenta gre transformed, with this
equation, to values of effective twiat .(k&). The results ,
thus obtained are, plotted as the dashed and droken lines 1n
figure 3; they compare favorably with unpublished Northrop
section data (full 11ne) if correqtion for chordwlse locatlon
is made using the’ results of reference 8. While the proposed
installatlon was to. 'incorporate a slot behind the scoop for
the purpose of improving the. lateral control, it was apparent
that at low values of the wing 1ift coefficient, the mnet ef-
fect of the slot was quite emall (sge.fig, 3); and 1t would
be conservative to uae, the sgction daﬁa(at rero 1lift for de-
glign calculatione made in acqordaan .with.the methods of ref-
erence 6, ‘The balance- aileroq rolling moments, computed in
the same way, with no regarq for poesible dAnterference effects
were added directly to the acoop conbribution to give the
totel rolling moment * e e e :

* .
[ T )

The géometrv and rolling—momént calculationa for the_

P-61 are presented below."_ ] i N R e e
chorik{?é‘1gbpéi§ﬁ“;tfagﬁf.fq . 0.72e
Locstioh b¥ inbohrd end . ",b.49-%

' ' 5 c;s/k = 0,360
Location of ..outboard. en&“'~”"' 0.83 z ! '

Max, scoop extension (inboarw)v 0 0756
: y Cr e
Max, scoop extansion (pntboardﬁ “0,0800* ., L,

SRR _,:-__1_ (:,‘,'/,_“([.,.'-"“‘_j "?_.-’T_ -.:_4'4'-7" -
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.?or the.average,@auiuun'ecoop extension’ of .0, 0?7c, ‘the cor?ﬁw
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Ailsron

‘Type:-plain flap, gealed éap - ' ”-'ﬂ';f——*

T S IR T {nboard end : 0.83 %
| A - C14/k = 0.105

?Zocation-pffoutboard=end 0.94.%. .

Ohord aft of .hinge line 0.17¢. e e

R e E P

Max, deflection . i22°

(G;s/k 'are from referepce ‘6 for A.R. 6.0 and A = OS50

and antieymmetrical aileron. deflection, 015 denoges T

R T T R T

-

sponding effectiveness ig: k§ =-7. 60 (fig 3) :For the. aig
leron, the data of .neference 5 gives 'ké 22 x 0.27 =69,
which .corresponds to- 18%..0f fully effective, trevel at the wind
tunnel -value of . k ehown in reference 4. The maximum rolling
moment coefficient at low 11ft coefficients, 1s thust :

~

01-= o sso X 7 5/2 X 57 &+ 0,105, X 5/57 8= 0. 034§

" This valie was never checked cn a complete wind tunnsl” model,

but pimilar calculatione mede for the wing-scoop geometry of
the tests. of reference 9 which bdécame availableé at a later_.
date, agree, within R percent with the experimental reaults._

-~

Hinge moments,¢ Hinge-moment meaeurements a?EilaUle for

" a plate-type scoop have begen reduced bo coefficient form in

figure 4. The data, reduced on the basis of the spoiler,redil
us and edge amrea, show little consistency in either test conl -
ditions or resulting hinge—moment coafficients. A consistedd

variation of spoiller opening hinge -memént with 1ift coeffi-

cient, as found in referénce 2, 18 not sufficlfent to bring ,the
curves into agreement nnor are the theoretical upper-surface_
pressures, 'scoop retracted, any indication of the measured .
opening hinge moments.. For the P~61 degign the data mosb di-
rectly applicable (unpudblished Northrop data) were used.
Balance~aileron hinge moments, were assufed linear end esti-
mated, from the available data, to correspond to On_. = -0.009,

l;ncluding the reduction due to the responee effect.?

 The.effect of angle of attack change due to rolling
velocity. - . Coe : oo

P e ¥ .t c e e s s . S . .. LY
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With these data, the geometric relatlionships of figure
5, and the dimensions of the controls (S¥ = 5,88, .
tb'r = 0.19 £t3), the total Wheel foPce was calculdtéd for an
indlicated speed 0f-258 miles per.@gu;AJgging:phetgqggtion:

!

Pi = gid'r ['dﬁ.";(dészd‘f’zu + chuzgdas(gw?'z];f g_qs“a__g%,aa a6y /dw

The last term corresponds to the bdlance aileron contribution
and 1s doubled because of the symmetry of the control system.

The results of this calculation are plotted in figure 6,
where the spoiler contribition-is-ssen to-be guite negligibdble,
provided a .minimum gap is maintained, The posgsibility of
overbalarice nédsar the neutral wheel position is illustrated by
the case of the 0.004c gap. It was c¢lear that emall changas
in the geometry, especially i1f they included an increase in
epoiler thickness, could easily result in an unstable region
near neutral, Since the magnitude . of. the unstable 8C00pP cCoORn-
tribution appeared langely-unpredictable.bacause.of possible
structural deflectionsg, scale effect, or aerodynamic interfer-
ence, a large balance :tab (also used for -trim) with ad Justments
for positive or negative boost -was lLncorporated .in the balance-
alleron dasign.. Lnrmﬁta;way,,th@-bélgnoe{ailaron}cqntribution
could be adjusted by flight test to be just sufficient to over-
come the.unsﬁabls.scqppJ_g,copiition,qbvioualx giving the low-
est acceptable pilot forces. Further, it was decided to re-
slst strernuously any compromise with structural weight require-
ments which might incredse -bhe effective rthickness-of the_ -
scoop, "since the -swecess of the ‘combined “system might d'spend
on thigirpodntrs 1ol Faya o e el e L e e s

: B N R R S . Y O S S,

Air loade.- In order to obtain the minimum allowable scoop
thickness,” ‘accurate air load information wase .reguired, - The
data: plotiied !din £1gure 7, show that the relative -load distridbu-
tlon 41sindependent of igooop deflectlon and ‘the magnitude of
the loal@’ is approximately propurtional to this ‘&eflection. '
Since desirable whoel forces db hbt-excased 80 poinds ‘at 80 per-
cent- of maximul indicated sveed 1n "level:flight, 4t 1s physi- -
cally posaible for the pilot to obt'ain' full’ wheel throw at’ very
high"speedsr In the present applitation,. the scoop ‘déeslgn con-
dition was taken'to cortbepond’' to full éxtehston in a-4ive’,” 7
Deflection '0f the Cohtrol system;:whilch would tend to' reduce

Cr . x 3 Tea L rarea

the avallable scoop’ bxtenblon wa's' hegleétdd. - Static structural

tests showed that a 1/4-inch magﬁegium:playe.’formed to-the
propér conpour and lnedrporating. heltarec-welded hinge brackets,
would take the dbsign:1nad-thusfdet¢rminedi'fSo-far, the basic



'R

e,

NAGA TN No. 1015 9

requirements for a successful -latéral control of the type
under discussion offeréd 1little dAifficulty.  Some further de-
Yalls and conjectures that went into. the complete design are
discussed below, : .

e ¢t . H oo - - -

Scoop geometry.~ The scoop—flap seetion geometry was
patterned rather closely after the configurations investlgated
by the NACA in their spoiler-slot plus slotted-flap investiga-
tion. (See reference 2.) ‘A rather bdlunt slotted-flap of ap-
proximately 25-percent chord wes supported at three pointe in
the ocuter wing and actuated through a four-bar linkage which
gave approximately the optimum flap-slot conflguration for the
important flap positions, (See reference 1.) The scoop was
placed just forward of the flap and hinged as near the inter-
section of the rear spar and wing mold lines as structure and
torque~tube sizé would allow. The scoop radius was determined
by the requlrement that the down-travel of thes scoop be at
least 40 percent of the up~travel, dut that its maximum verti-
cal proJjJection below the wing be limited as much as possible.
The latter requirement, it was thought, would minimize any ad-
verse effects due to down deflection; the first requirement
would vermit approximately linear scoop extension with wheel
angle ~ a requisite of effective control near neutral - with-
out the high acceleration (and the accompanying "hard-spot!")
that would result from a large differential motion, The slot
btehind the scoop wag made & constant wilidth of approximately
1/2 inch, except for the 1lip which was brought as close to the
scoop as possible, and left uncovered at all times., The drag
penalty thus incurred, it was thought, wonld be little larger
than that assocclated with sn unsealed tralling-edge flap, and
the alternative - .to incorporate a plate along the upper edge
of the scoop, which would seal -the slot for neutral and down-
ward scoop deflections -~ would- drastically change the nature
and magnitude of the scoop hinge -moments.

The final section geometry is shown in figure 8. It
should be mentioned that for thé maximum extension of 659 the
lower edge of the scoop i1s above the upper wing surface by
approximately 1 ineh. As indlcated 'in referencs '2, there is '
no change in effectiveness with much an emergence of the scoop.

Fluttwer considerationg.- The scoop was dynamically bal-
anced about its hinge 1ine and.the nacelle center line by a '
linked. counterweight' the. balance aileron was statically bal-
anced about.its hinge line by two attached welghts, The pur-
pose of these precautione, of' course, was. to prevent the oc-
currence of wing-aileron flutter within the flying range of
the airplane.. Later flutier calculations,’'using ‘data availabdle

o
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from ground vivration tests, indicated tiHat  the falrly con-
plicated gcdop counterweight could bse eliminstosd by ‘overbal-
ancing .the belance aileron, provided the linkage between it
and the scoop were very rigld. In making such .cdlculationy
and also 12 estvimating alleron reversal spoeed, 1t was neces-
sary to know ths sectisn pitching moneuts due to2 & scoop.
These were deducsed’ fzom tYe¢ data of rsfsremce 8 and ‘are showh’
plotted in figdre 9 in'the form of center-olf-precsaure loca—
tion, Asstming the slhstic ‘axls to colncide with tke wing
guarter=~chord point, thewses data Indicate that, for a scoop
located at 72-percent chord, ' the wirng torEional momaate duse
to the acoop extensgion are: approximaueLy two-fL1f5hs of the
moments Gvoe:to the deflestion of an ewally effective trail-
ing~edage flap. This means that for a given wing rigidity' the
reversal sosed ot a scodop control i% about 60 percent higher
than that of a conventional  control, 'If the elastiz axls ia
farther aft,. the degree of improvement ié eVen greater.

Praflieht ¢ ggg@a.—~When'the system was completvly in-

stalled 1n the alrplane. 1t was noted ' that  rapid manipulation
of the control-wheel on the gréund’ produced an: dappreciable
lag in the scoop motion because of the combinad inertia and
flexiDility of the system:'  To rehdédy this, thé sdoop torgue
tube, whioh:had beén'designed'ba strengthrequirements only,
was greatly stiffened, 'andy lntaddttion, the:inertlH of the
scoop was lowsred by drilling out ensugh- B/4Linch ‘holes to
reduce its weight ‘approximstely 20 peércent, [Ses Pig. -8.)
A rough.check in!the 'Northrop wind 'tunindl indicatdd that the
loss in effevtivenesds due.to'a 30-percedt drea-reduction, by :
means qf. uniformly ‘ipdced holes, would: Be*apprdximabély 15 e
percent. - (Thisiresult is inm good agreement with:measuréments
of the. eEfect of :perforations on split: flaps.' (See 'péference’
10.) To prevent ‘the 10~-percent lose corréspondidg ‘o the o
actual perforations. {30-persent area reductiicn); the ‘scdoop
was fabric covered .
'. Py, T > RIS IR r..

11@gt te@ts‘~ Preliminary flight testm o f-. the new lat-
eral comtrol Arrangement showed ‘it ‘to be - geﬁbrally satiafac-
tory from .the . stendpoint: of lateral-control forces tnd re-
sponse-, - Unfortunately. however, in'spection of the scoop and
slot structure after each landing indicated that serious me-
chanical -int.erference .was occurring- during 'flightT This in-
terferency marnifested 4tself. primarily ih’ repeated failure of
the. lower: slok:.lip which was' progressively etrengthened and -
in abrasion of. the' fadbric.secvop covefing.' Tt was abauced '
from this:svidence that; undetr the infiluénte o7F air:ﬂnw thrcugh
the slot,y.the -scvoop was vibrating guite violently,-and _acc¢ord<
ingly,, sbtops. were takep.to!determine thé sonditions and maodes

- a
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of vibration, Eleectrical strain-gage plekups were cerented
to the lip, the hinge brackets, and the ecoop, which was lef}
uncovered for ease of 1nspection. and their responses were
gbserved in flight through use of an oscilloscope. These Ob=-
servations showed that above 8’ relatively low alrspeed the
scoop vibrated quite violently in & chordwise diredtien with
nodes at each 5f the hinge brackets, the amplitude of vibra-~
tion being apparently limited by contact with the glos wallas,
These vibrations were not felt by the pilot at any time, pre-
sumably because they included no vertical or rotatlional com-
ponents, It was believed that these vibrations were the re-
sult of air flow through the slot, a fact later substantlated
and reported in appendix I. In order to eliminate all flow
through the slot, a fairing strip covering the lower opening
was attached to the bettom of the wing. "(5ee figs, 10a and
10b.) This expedient was immediately suscessful in eliminat-
1 g all signe of vibration, and contrary to expectations was,

the pilot's opinion, rnot appreciablyrdetrimental %o the
effectiveness with flaps up, even for small displacements of
the perforated scoop. (The fabric cover had by now been dis-
carded to facllitate production and: maintenance ) ‘The effect
of the slot cover on airplane performance was expocted, ir
anything, to be =glightly beneficial, since the fairing was
located in a rather noncritical apot on-the wing, and it ~
eliminated sir flow'loéses'through the slot. It remained now
to determine, quantitatively, the- characteristica of the Te-
via?d arrangement prior to final acceptance o

.’

ﬁefore thia could ‘be done, however, another probiem arqee
" in eonnaction with' the approach and ‘landing configurationa.

It was' fouhd, with the wing flaps full down ‘and regardlees of
the power setting. that the airplane's lateral behavier was
unsatisfactory, pilots who flew the craft complalned ef 41ffi-
culty in’ controlling the airplane in rough air. Wind-tunnel
tests had shown no change in ‘effective dihedral 'with flap set-
"ting fer the power-off eondition, and aince further 'flight "in-
vestigation revealed a "dead spot," or region of poor effea~
tiveness in the latsral control near neutral, i1t was eoncluded
thet herein lauy the difficulty. During the flight investiga-
tions leading to this conelusion, it was discovered that seal-
ing the outboard flap slot with a metal plate improved the lat-
eral econtrol and had a minor effect on maximum lift. Thie re-
sult was verifled by further tests made with & more practical
cloth seal (figs, 10a and 10b), wherein the stalling character-
istiecs were fully investigated and found %o be essentially un-
changed. (See fig. 11.) Trhe large effect of the flap-slat
seal on the lateral control and its negligible effect on 1lift
characteristics are not yet fully understood; furthez reséarch
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on the proBlem, which has thus been solved practically dut
remains unexplained thecrstically, has been temporarily post-
poned, - It 1s believed, however, that the effect of the flap
‘'slot on lateral control 1s due to the fact that a small scoop
extension augments the flow through the flap slot, thereby
increasing the 1lift and counteracting the intended effect of
the original control deflection

Examples of the rolling-velocity data obtained in flight
are shown in figsures 12 %o 18 wherein the wing-tip helix
sngle, pb/EV,Vcorresponding to equilibrium rate of roil is
plotted againat scoop extonsion in percent of wing chord.

The datea show that, with the flap retracted, the scoop slot .
is not required to produce an eeeentielly linear variation of
rolling velocity with scoop extension. Alsp, the control ef-
fectivenese remains practically constant for all the angles
of attack tested. It must be remembered’ howsever, that these
csurves of yb/av versus scoop deflection include the compo-
nent ocon%ributed by the "balance" alleron., - Theré is thus no
necessary disagreement between these data and those of refer—
snces 2 and 11 which indicate respectively that, for a pure
scoop eyatem, the slot is required for linear control and
that the effectiveness decreasas with increaeing 1{ft coeffi-
cient. At any rate, the rolling-moment cbaracteristice ex-
hibited here are practically ideal, pb/BV being directly
proportional to'the s&oo0p extension, only, and having a max-
imum value slightly sréater than that galewldted.® The ef-
fectlveness in inverted flight has been found to Dbe very good -~
a result that surprised those who erroneauely consider the
controel a "epoiler“ in the true sewse of’ the * wérd P

T w - . I:-{—"

The oripinel "dead spot™ Id the ‘cdditrol” effeé%ivenees
with flaps down and scoop closed, is shown in Fi'guredd I'5 and
18, the .extant .of the. 1neffective “reglon Goverfng’iﬁproximately
20 percent -6f full travel. ‘Referencd to the 'sane figuree will
show that the 'effeoct of sealing the flap slot '1s to eliminate
this region-of poor control .almost entirely. A further in-
crease In effectivensss is obtained ¥y opening the ecoop elof
as lndlcated in figures 17 and 18. These results are all in -~
good zigrelement with the origimal speculations as to the cause
of the! "dead epot" and indicate that a completely effective
roll. oontr01 ‘could be obtained with both flap slot and scoop
elot Upeh Thie possibility, however1 was. discarded from a

Taking Ol the damplng in roll, equal to O, 45 from

reference 6 =and reducing the calculated scoop effectlivensss
by 10:pervent  for perforations pbh/BV = 0,0824/0.45 = 0.072,
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yractical standpoint, since a method to prevent-vibration
with the open slot was not lmmediately evidenty whereas the
scoop-slot cover and flap-slot seal could be readlly applied-
to the ainplane with apparently no deleterious-effects on
the stall, and without seriodusly limiting the avallabls lat—

eral control

The final configuration, embodying a perforated scoop,
scoop-slot cover, flap-slot seal, and zero allerdn-boost tab
was flight checked %o dstermine the magnitude of the control
forces. The results of these flights are Bhown in flgure 19,
where, neglecting an appreciable scatter, it may beé noted
that the pilot force varies approximately linearly with scoeop
extension and dynamic pressure. Interpolating for a speed of
268 miles per hour indicated, the forece corresponding to a
maximum scoop deflection of 7 ? percent i's read "at B2 pounds,
e value in close agreement .with that calcdulated for this
speed., The forces required for lateral control may here bte
seen t0 be relatively small for an airplane in this class.

As a matter of fact, the ferces regquired for lateral trim,
even under single engine opsration, are so light, that it has
been found feasible to eliminate, entirely, the aileron tabd,

CONOLUDING REMARKS

1. The resulte of 'this development program indicate, to
some degree, the success obtalned with this new lateral-con-
trol arrangement. Ahothér indication is the unlversal enthu-’
slasm with which pilots have acéepted thits tthconventional
control. Théey particularly eppreciate‘its characteristics at
high speed.: The combination of light forces; favorable jawing
moment, and .low wing-toréional moments; make it.a very effec-’
tive, easily mapplied control, The control avdiladle at and
through:the 'stall 1s also remarkably good, although this char-
acteristic may -be attributed, in part, %o afi ‘erdeptionally =
good wing stalling patﬁerﬂ rather than enti¥sly to the use™sf
the .spollef-type afleron.: In the landing’ configuration, the ~
lateral-=control - effectivenéss'increaees automatically with "fhe
extension of wing flaps so that powerful ¢onfrol is dvailable”
during the approack. There ‘fg,’ hoWever, a decrease in- effhc—“
tiveness for the first 5 percent of the wheel travel with” a j
resultant tendéncy ‘for inexperienced pilots to- oﬁercontrol
slightly at low speeds. The ‘fact that the Alleron can “be
fully used 'at the - -stall, however; mde then compensates for'
thiis 1loss of effectiveneee with Tlapd Fown End greatly esn--"""'r
hances the dirplanets landiug performancb M
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2, The scoop vidbration that oeccurred inside the slot
during the prelimindry flight tests can be eliminated Dy
closing the lower-surface slot.- Closing the slot had little
effect on the control flaps-up, dbut with flaps down, the ef-
fect was detrimental unleegs the flap slot was sealed.

3. "he inportant aerodynamic characteristics of the
svgtem - control effectiveness and pilet forces - have been
calculated. with sufficlent accuracy to make the application
one of routins aerodynamic computation. It 1ls believed that
the use of methode.presented will giwve satisfgctory reasulis
for the aerodynamia design of spoiler txpe lateral- qqnﬁrol
systoms.: - .- C-egeELT0 .

' : : - CRI N IR SO Tl

Northrop_Afrcraftﬂcsrporatton e o "ffﬁff;
Hawthorney Callf., October 31, “1945.-~ .
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APPENDIX I . : .

SE000P VIBRATION TESTS

F

In order to determine the cause of and to sliminate thae
severe. chordwise:"scoop vibratlion: encountiered n flight tests
of the P-61 -airplane’ at .all gpeeds’'in iexceey of 140 'miles per
hour, a full-shgs wooden mock-up:. of ‘thi-mlirplans outer -wing
ranel, equipned with ®w production sooop,rwhsrtested in’ the
Northrop wind-~tunnel building.: The maximuln velority through
the slot was equiyalent: to a'dynamic'pres%ure of‘ahoht 11
inches- of water:,’  and wag obtained. by the usgse'of a Rees blower
vhich was connetted to the under sgturfaece. of the wing by =8, )
serles of:canvas-fucts. The. stetlc:pressure inh the bag below
the scoop was equivalent to a helght:ef:l715 1nches of water,
These pressures remained.falrly comstant:throughout the'tests,
Scoop vibration:frequencles;wezre measured.wiith a strobotac,
while.vibration. amplitude., vas,measnured. with-a marker: plate in
contaet with:-a marker attqched to the.upper-edge. of the: ‘-
spoiler. 'During the. firet. few tests, it becane- apparsnt that
the scoop vibratiens vers.very . sensitive«te duct -characteris-
ties. A%, Eirst .the ‘main duct from the blower -wag .attached-
to the -scopp . duct ‘by .means of .a square wooden. frame but 1%
was thought that. thia entrance to the geoop.duet was causing
some interference.with the .flow, o & .cylindrical sheet metal
saction wasn substituted for. the wooden frame._ ?higpngw
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arrangement ’ made a8’ marke& difference in the vibration char- -
=acteristlcs, SRR AT . : . clL - .o
Hith ‘the scoop deflected up 30° vibrationp of 500 = ..
cyoles pér minute and .amplitudes-:6f- 14 inches were measured,
and it was impossible to stop thede vibrations by any mechan-
{cal mesans such as rollers, felt pads, o6r guides in contact
with ‘the scoop elther 1n the scoop elot or above the wing.
With-the .gcoop fully .deflected and completsly out-of the wing,
1t was possible to stop the vibrations with a rudbdber-roller o
damper mounted above the wing and in contact with the front
scocgp face. Then varlous 'merodynamic means were tried to
control the sceop vibrdtions; these means consisted of span-
wise strips .of felt seal in the .scoop slot, metal vanes to
deflect the air flow off the rear face of the spoiller, spring
loaded doorse to seal off the flow through the scoop slot when
the scoop was completely out of the wing, small spoilers abt-
tached to the leading and tralling edges of the scoop aileron,
an auxliliary slot in the wing mock-up behind the scoop aileron,
varlation of the scoop slot gap at the lower surface of the
wing mock-up, varlous degrees of roughnees applied to the

rear scoop face, and spanwise grooves machined in the rear
scoop face. The auxiliary slot eliminated scoop vibrations

at all deflections; spanwise roughness strips of thin string
or tubing applied %o the rear scoop face almost entirely pre-
vented vibrations; and coarse sand or cork roughness sprinkled
on lacquer over the lower 40 percent of the scoop rear face
entirely eliminated vibrations sexcept with the scoop com- ~
pletely out of the wing mock-up, where a rubber roller contact-
ing the scoop easily damped the vibrations. All other means
tested proved $to be partially or entirely unsuccessful in elim-
inating the vibration. :

Subsequent tests on the same setup, with a straln gage
installed on the front and rear faces of the scoop near its
top edge at the center of the unmnsupported span between the
outboard supports indicated violent vidbrations of the scoop
in 1ts original condition and no vibrations when the rear
scoop face was roughened. 0T

Three flight tests were then made with the P-61A airplane
which had the right-hand scoep slot open, right-hand scoop
roughensed with cork in lacquer, and strain gages attached to
the inboard scoop halfway between supports at the top edge.
Strain—gage and oscillograph readings were calibrated approxi-

ately by means of ground vibration tests before flight. Re-
sults of these flight teste indicated no vidbrations at spseds
below 275 miles per hour in the cruising configuration with
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the rcoop in neutral .and deflected up and down.

anl at speeds of 140 and 160 miles per hour, flaps

3 At speeds of
275, 300, 325, and 350 miles per hour, cruising configuration,

fully de-

pressed, low-frequency vibrations of about 1100 eycles per
minute were encountered, which were sometimes spaswodic., A4
350 miles per hour, the amplitude of vibratiton with the 8C00D "’

neutral was -about 3/16 inoch.

On one of .the flights, vibra- e

tions of the order. of 400 cycles per minute with an amplitude

of-iess than 1/16 inch were encountered at a gapeed
‘miles per hour,

'[OOmﬁébiaon of these flight test resni{é with the vibra-

of 335

tion test results obtained with the scoop in the original
condition shows that roughening thoe rear scdop face had g .
very favorable effect in ralsing the speed at which vibration

was encountered,
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Figure l.- Three view drawing of Northop P-81 airplane.
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Figure 2.- Photographs of the Northrop XP-61 alrplane
in fligbt. '
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Figure

v

10b.~- Photograph of fairing strip and flap seal oﬁ-

P-61 airplane.
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